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Abstract
Although a great progress has been made in surgery, radiotherapy and chemotherapy 
for non-small cell lung cancer (NSCLC), the 5-year overall survival rate (OS) remains 
unsatisfactory (approximately 15%). Recently, cytokine-induced killer (CIK) cells treat-
ment as an adoptive immunotherapy has great promises in the scenario of potential new 
approaches for the treatment of lung tumors. Adaptive and innate cellular immunity 
are all important for inhibiting tumor growth and the clearance of cancer. The abilities 
to efficiently kill tumor cells and promote immune responses are the ultimate basic abil-
ity requested to CIK cells treatment. Therefore, we conducted a systematic review to 
evaluate the immunoregulation of CIK cells treatment in NSCLC patients to provide an 
objective reference for clinical decision-making.
Keywords: CIK, immune regulatory, NSCLC
1. Introduction
Lung cancer is a major cause of diagnosed cancer worldwide with a 5-year survival rate of 
less than 15% [1, 2]. Non-small cell lung cancer (NSCLC) accounts for about 80–85% of lung 
malignancies and shows high morbidity, high mortality and low survival rates. Most of these 
NSCLC patients are diagnosed at the late stage leading to a poor prognosis.
So far, the predominant applied cancer treatment methods are still surgery, radiation and 
chemotherapy; however, the effectiveness of these treatments is not completely satisfactory. 
These methods often have limited effects and often fail to completely remove minimal residual 
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cancer cells. Surgery is the predominant treatment method against for NSCLC; however, 
60–70% of patients who receive surgery may eventually develop loco-regional recurrence or 
distant metastasis [3]. Chemotherapy may be useful, but drug resistance and adverse effects 
still remain; therefore, chemotherapy cannot be used for most of the patients due to the poor 
tolerance of the majority of later stage patients. Thus, the more effective and safer treatments 
are urgently needed [4], and tremendous efforts had been done to find new method that can 
offer better prospects to eradicate tumors.
Recently, adoptive immunotherapy is an evolving treatment approach based on the use of 
the immune system to treat cancer. Immunotherapy has become a hot area in cancer research 
and treatment in China. The rapid ex vivo generation of adoptive immune cells is a simpler, 
cheaper, and more efficient way to generate a potent immunotherapeutic product [5, 6]. Since 
the 1980s, there are different forms of adoptive immunotherapy used in clinical trials: lym-
phokine-activated killer cells (LAK), tumor-infiltrating lymphocytes cells (TIL), natural killer 
(NK), γ δ T-cells and cytokine-induced killer (CIK) cells, tumor-associated antigen (TAA)-
specific cytotoxic T-cell (CTL), and other forms of cells have been extensively employed in 
adoptive immunotherapy [7].
Among them, CIK cells are a heterogeneous population of ex-vivo expanded T lymphocytes 
with diverse T-cell receptor (TCR) specificities and are endowed with nonmajor histocom-
patibility complex (MHC)-restricted activities against tumor cells. The antitumor activity is 
mainly, even if not exclusively, associated with the CD3+CD56+ cells [8]. The antitumor effects 
of CIK cells have been described against a number of hematologic and solid malignancies 
both in vitro and vivo. In vitro, CIK cells can kill tumor cells directly [9–11] and improve 
apoptosis of tumor cells [12], CIK cells also can reverse the drug resistance of A549/DDP [13], 
and other study found that CIK can alter the cytokine secretion profiles of some immune cells 
[14]. In vivo, CIK cells also showed significant antitumor activity in animal studies and clinical 
trials. In the severe combined immunodeficiency (SCID) mouse model, human CIK cells infu-
sion significantly prolongs the survival of SCID mice when compared with control animals or 
animals infused with LAK cells [15]. In other studies, using the SCID model, CIK cells have 
in vivo antitumor activity against a number of hematopoietic and solid tumors [16]. Since 
1991, CIK cells were reported by Schmidt-Wolf [15], and several clinical trials have been stud-
ied. The application of CIK cells as an adoptive immunotherapy is important for the treatment 
of cancer, since several clinical studies have confirmed the safety of CIK therapy for patients 
[17, 18]. Numerous clinical studies have been recently performed, whereby adjuvant infusions 
of CIK cells following surgical resection or chemotherapy demonstrated a significant increase 
in survival time [19, 20]. The first clinical study included 10 patients with metastatic renal car-
cinoma, colorectal cancer and lymphoma. One patient with lymphoma obtained a complete 
response while six patients had progressive diseases and three patients did not experience 
any change [21, 22]. Other clinical trials subsequently confirmed the safety and benefit of CIK 
cell-based therapy along with demonstration of initial clinical activity [23, 24]. But, in a recent 
review, it is reported that patients with localized NSCLC (stages I–III) using immunotherapy 
(excluding checkpoint inhibitors) did not get a survival benefit [25].
The host immune system plays a critical role in tumor surveillance and rejection. Innate and 
adaptive cellular immunity are all important for against tumor growth and the clearance of 
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cancer. Lung cancer is not typically regarded as an “immunogenic” malignancy, a growing 
body of evidence suggests that immune responses to lung tumors might be present, and 
their magnitude might correlate with patient outcome. According to previous studies, cancer 
patients have some dysfunctions in cellular immunity, including innate and adaptive immune 
responses [26]. Because of the low immune functions of lung cancer patients, effective immune 
response cannot be achieved. That is one of the reasons that malignant tumors are incurable 
[27, 28]. Autoimmune disorders in peripheral blood of lung cancer patients are demonstrated 
by lower levels of CD4+T, NK cells, DCs and higher levels of CD8+T cells [29–31]. Several stud-
ies showed that in peripheral blood, increased number of inhibitory cells such as regulatory 
T-cells (Tregs) and myeloid-derived suppressor cells (MDSCs) and inhibitory molecular such 
as PD-1 TIM-3 expressed on lymphocytes has been observed in patients with NSCLC, and other 
cancers [32–34]. Otherwise, in tumors tissue there are local immunological changes. Tumor-
infiltrating lymphocytes (TILs) may play an important role in cell-mediated immunological 
destruction of tumors. Many studies demonstrated that there are more T-cells in tumors tissue 
in NSCLC compared with that in normal tissue [35, 36]. Accumulating evidence shows that 
levels of TILs are associated with improved recurrence-free survival in NSCLC patients as well 
as a reduced likelihood of systemic recurrence [37, 38]. A high density of tumor-infiltrating 
Tregs was reported to be associated with the recurrence of resected NSCLC [39].
The abilities to efficiently kill tumor cells and promote immune responses are the ultimate 
basic ability requested to adoptive immunotherapy. The number of immune cells particu-
larly Th1 cells, CD8+ T-cells, and NK, NK T-cells is associated with the survival of cancer 
patients. Such antitumor cellular immune responses can be greatly enhanced by adoptive 
transfer of CIK cells [40, 41]. However, the immune regulation role of CIK cells treatment 
remains controversial. Therefore, in the present study, we conducted a review to evaluate the 
immunoregulation of CIK cells treatment in NSCLC patients, in order to provide an objective 
reference for clinical decision-making.
2. Immunoregulation of CIK cells treatment in NSCLC patients
2.1. The changes of lymphocytes of NSCLC patients in peripheral blood
According to previous studies, cancer patients exhibit certain dysfunctions in cellular immu-
nity, including innate and adaptive immune responses [26]. Due to the low immune function 
displayed by patients with lung cancer, effective immune response cannot be achieved, and 
this is one of the reasons why malignant tumors are incurable [27, 28]. Autoimmune disorders 
in patients with lung cancer are demonstrated by reduced levels of CD4+ and CD3+CD56+ 
cells, and increased levels of CD8+ cells [29, 30]. The response of the human immune system 
against tumors mainly depends on cellular immunity [42]. CD3+ T-cells are mature T-cells, 
while CD4+ T-cells are considered to have a predefined role as Th cells [43]. It has been dem-
onstrated that cytotoxicity against tumors is dependent on an appropriate interaction between 
CD4+ and CD8+ T-cells [44]. However, the ratios of T lymphocyte subsets in peripheral blood 
are usually disordered in cancer patients [45, 46]. The proportion of these cells in the human 
body must remain constant in order to maintain its optimal state of balance and participate 
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in cellular immune surveillance [47]. NK and NK T-cells are effector cells, which are involved 
in the immune response against tumors during the early stages of tumor development [48]. 
These cells do not require any specific antibodies or presensitized lymphocytes to exert their 
function and may be rapidly activated to suppress and destroy a variety of tumor cells [49]. 
In addition, NK and NK T-cells are more lethal upon being activated by lymphokines [49].
Many studies including our study found that the average percentage of CD3+CD4+, CD3+ and 
NK T-cells, as well as the levels of IFN-γ following several treatment courses, were signifi-
cantly higher than the values observed prior to CIK cells treatment [50–52]. Of course, there 
are studies found that there are no changes after CIK cells treatment [25]. Here, we have to 
discuss about the course of CIK cells treatment. Fan et al. found that the median OS of the 
CIK cells treatment more than four cycles subgroup was significantly longer than that of less 
than four cycles subgroup [53]. Shi et al. [54] observed that the percentage of CD3+ and CD4+ 
cells, and the ratio of CD4+/CD8+ cells were significantly higher following the first course of 
CIK cells therapy, compared with the values prior to treatment. However, in our study, the 
percentages of CD3+ and CD3+CD4+ cells were observed to be no change following only one 
course of CIK cells therapy, which may be due to the difference in the detection time point 
(1 month in our study vs. 2 weeks in the study by Shi et al. subsequent to each course), and 
this result was consistent with others. Jin et al. [55] reported that only one treatment course 
of CIK cells treatment was unable to improve the immune function in patients with lung can-
cer. Several researches have reported that CD3+, CD3+CD4+ and other immune cells peaked 
at 4 weeks following CIK cells treatment, while circulating CIK cells persisted for ≤2 weeks 
following infusion [22]. Those studies suggested that several courses of CIK cells treatment 
would be required to achieve a stable effect [22, 55]. Therefore, to gain therapeutic efficacy, 
multiple courses of therapy should be administered to the patients.
Otherwise, the treatment done before CIK cells treatment may affect the immune status of 
NSCLS patients [50]. Thus, the treatments administered to the patients prior to CIK cells 
therapy seemed to affect the outcome, since more courses were required to achieve effective 
antitumor immune responses. At present, there is controversy regarding the number of cells 
required to be infused in CIK cells therapy, since the antitumor activity of CIK cells is mainly 
associated with the CD3+CD56+ fraction, rather than the CD8+ fraction, which constitutes the 
highest percentage of CIK cells [56]. A previous study suggested that the improvements in 
immune function exerted by CIK cells were affected by the number of CIK cells [22]. In our 
study, we found that the number of CD3+CD4+ and CD3+ T lymphocytes did not change fol-
lowing each course of CIK cells treatment. These demonstrated that the number of CIK cells 
did not affect lymphocyte-associated functions. By contrast, the number of NK and NK T-cells 
increased with the increase in the percentage of CD3+CD56+ cells, which enabled the patients 
to effectively kill tumor cells.
In most studies, patients received autologous CIK cells, allogeneic CIK cells may be appli-
cable in the combination treatment in NSCLC [57, 58], median progression-free survival 
(mPFS) of allogeneic CIK cells treatment group was significantly longer that of control 
group [57]. The study found that the levels of IL-2 and IFN-γ in serum did not differ signifi-
cantly between the two groups both before and after the treatment. Moreover, there were 
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no obvious changes in the percentage of CD3+, CD3+CD4+, CD3+CD8+, CD4+/CD8+ T-cell ratio 
and NK cells before and after treatment. Wang et al. found that after allogeneic CIK cells 
treatment, the outcomes of immune function remained unchanged, but the median OS was 
higher in NSCLC patients receiving allogeneic CIK cells than control group [58]. The CIK 
cells used in clinical treatment are mostly induced by PBMC in the peripheral blood of 
patients with tumors. Autologous CIK cells may have the ability to recognize the surface 
markers of tumor cells and have strong anti-tumor activity. However, in recent years, it 
has been suggested that low immunity and poor activity of immune cell in patients with 
tumors may affect the efficacy of CIK cell therapy. Comparative studies of autologous and 
allogeneic CIK cells treatment have not been reported in lung cancer clinical study. One 
study had found that semi-allogeneic DC-CIK cells had a stronger anti-tumor effect than 
did autologous CIK cells in vitro [59]. The reason for this is that the immune function of can-
cer patients is broken. The CIK cells induced by PBMC in tumor patients are significantly 
reduced in both quantity and biological activity.
2.2. The changes of Tregs and MDSCs of NSCLC patients in peripheral blood
The response of the human immune system against tumors mainly depends on cellular 
immunity [42]. However, our immune system does not work effectively in the setting of 
malignancy. The reason for this may be the existence of immune suppression [60–62].
Tregs have an important role in suppressing adaptive immune responses and maintaining 
immune tolerance [63]. At the same time, the existence of Tregs may downregulate tumor-
specific immunity. Tregs interact with various immune cell types, CD8+ T-cells [64], natural 
killer (NK) cells [65], and natural killer T (NKT) cells [66], thus, Tregs may have an important 
impact on cancer immune escape. Several studies have reported that the number of Tregs 
has increased in patients with NSCLC and other cancers [33, 67, 68]. It was reported that the 
percentage of Tregs was significantly reduced at week 2 after CIK cells treatment compared 
with the baseline and remained low at week 4 [51]. The decreasing of Treg was related with 
treatment cycle. Baodan Yu et al. found that significant reduction of Tregs frequency were 
presented in patients received with more than three cycles of CIK cells treatment compared 
with patients with less than three cycles of treatment [69]. In addition, inhibitory cytokines 
TGF-β as well as IL-10 were also decreased [51, 69].
MDSCs are heterogeneous population of myeloid cells known to exhibit potent suppres-
sion of T-cell proliferation and cytokine production [70–72]. Several evidence showed that 
MDSCs have a role in lung tumor growth and progression [73, 74]. In NSCLC patients 
MDSCs were reported in the peripheral blood [75, 76] and MDSCs were significantly 
higher compared with the healthy volunteers and were associated with poorer PFS [77]. 
In case of SCLC, preliminary results from a randomized phase II trial have shown that 
all-trans-retinoic acid (ATRA)-induced depletion of MDSCs may increase the immune 
response to DC-based vaccination to 42% [78]. Two Chinese articles found that CIK cells 
treatment can decrease the level of MDSCs in peripheral blood in malignant melanoma 
and gastrointestinal carcinomas patients. But, we did not find any literature to study the 
role of CIK cells on MDSCs in NSCLC patients.
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2.3. The changes of immune cells of NSCLC patients in tumor tissue
A malignant tumor is not merely an accumulation of neoplastic cells, but also constitutes a 
microenvironment including endothelial cells, fibroblasts, structural components, and infil-
trating immune cells that impact tumor development, invasion, metastasis, and outcome [79]. 
More recently, Fridman et al. reviewed that TILs was associated with clinical outcome in 
several cancers, including lung cancer [80]. All immune cell types might be found in a tumor 
such as CD4+ T-cells, CD8+ T-cells, macrophages, dendritic cells (DCs), mast cells, NK cells, 
memory cells, Tregs cells.
CD4+ T and CD8+ cells are the two major subsets of T lymphocytes and have different roles on 
tumor immunity within the tumor tissue [81]. Wakabayashi et al. [82] found that CD4+ T-cells 
but not CD8+ T-cells in cancer cell nests are associated with a better prognosis in NSCLC 
patients. Another study found that infiltrating CD8+ T-cells and CD4+ T-cells in NSCLC may 
work together to suppress cancer progression [83]. MDSCs were found in lymph nodes and 
tumor tissue of patients with NSCLC [84]. In mouse model, researchers found that CIK cells 
can inhibit the accumulation of MDSCs in the tumor [85]. But, we did not find any literature 
to study the role of CIK cells on infiltrating T-cells and MDSCs in patients with NSCLC. This 
may have been the result of the difficult access to tumor tissue, and relatively little research 
was done in vivo about the CIK cells, especially the studies published in high-level journals. 
Our research team may add these studies to their work in the future.
2.4. Immune checkpoint in NSCLC patients
In the setting of malignancy, immune suppression exists. Except the abovementioned aspects, 
immune checkpoint is another essential mechanism of immune suppression. These immune 
checkpoint included cytotoxic T lymphocyte antigen 4 (CTLA4), programmed death protein 
1 (PD-1), lymphocyte activation gene 3 protein (LAG3), T-cell immunoglobulin domain and 
mucin domain 3 (TIM3), T-cell immunoreceptor with Ig and ITIM domains (TIGIT), and B and 
T lymphocyte attenuator (BTLA) [86]. They can inhibit the development and proliferation of 
lymphocytes [87]. These checkpoint expressed on T-cells was found in peripheral blood and 
tumor tissue have limited ability to effectively eliminate tumors, have gained considerable 
attention and PD-1 expression on peripheral blood T-cell subsets correlates with prognosis in 
non-small cell lung cancer [88, 89]. These molecules were found expressed on CIK cells [60]. The 
majority of these molecules, except BTLA were increased during CIK cells culture. But articles 
about the effect of CIK cells treatment on these molecules was very little in NSCLC patients, we 
only found one Chinese article found that after CIK cells treatment, the expression of PD-1 in 
peripheral blood decreased, and the decreasing was associated with the clinical stage of NSCLC.
2.5. Cytokines in NSCLC patients
In the process of ex-vivo expansion, cytokines play a decisive role in the differentiation and 
function of CIK. Only the addition of cytokines in vitro can induce peripheral blood mono-
cytes (PBMCs) to differentiate into CIK cells. Importantly, different cultures affected the toxic-
ity of CIK cells [15]. In the process of killing tumors in vivo, CIK can secrete a large number of 
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IL-2, IFN-γ, TNF-α, and GM-CSF and other cytokines. It can not only play an anti-tumor role 
directly, but also regulate the immune system of the body, and to stimulate cell proliferation 
and differentiation, and further enhance the cytotoxic activity of immune cells. Immune bal-
ance is controlled by the balance of cytokines produced by two distinct helper T-cell subsets, 
Th1 and Th2 cells [90, 91]. Our study found that the levels of IFN-γ following several treatment 
courses were significantly higher than the values observed prior to CIK cells treatment. The 
levels of IL-2, in vitro and in vivo, were elevated in CIK cells treatment group [12]. The serum 
levels of IL-4 and IL-6 in tumor-bearing patients were elevated after immunotherapy, and 
IFN-γ and IL-6 levels in patients with resected NSCLC were significantly increased. Otherwise, 
Li et al. have also shown that CIK cells treatment increased Th1 cytokines in patients who have 
no progression, but in patients who had developed metastasis had no change [92]. Successful 
immunotherapeutic interventions should overcome Th2 immunity by promoting and restor-
ing antitumor Th1 immune response to achieve better clinical benefits [93].
3. Conclusion
In recent years, with the gradual clearer of tumor immunity regulation mechanism and the 
continuous improvement of gene transformation technology, tumor immunotherapy has been 
developed unprecedentedly. From the nonspecific immune stimulating agent to tumor vac-
cine, then monoclonal antibody and adoptive cellular immunotherapy for immune checkpoint 
blockade, therapeutic immune technology innovation provides more weapons for the human 
resistance tumor. Especially in the recent 5 years, with the rise of immunotherapy for immu-
nological checkpoints and CAR-T-cell, immunotherapy has become more and more popular. 
Nonspecific immunotherapy, such as CIK, DC-CIK or NK cells, is widely used in China at 
present. These kinds of innate immune cells as the first immune defense cells, although the 
specific killing effect may be less than CAR-T, TCR-T, but these nonspecific cells play a positive 
role in lowering recurrence rate, improving tolerance of chemotherapy, improving life quality 
and prolonging the period of survival. However, the curative effect of recurrent and refractory 
tumors is limited to a small number of typical cases, and there is no evidence-based supports 
for prospective, randomized controlled trials. Besides, the combination of PD-1 antibody and 
CTLA-4 antibody is also easy to cause autoimmunity. The instability of tumor cells is also easy 
to form tumor heterogeneity. There is some progress in the research of CAR-T in the hema-
tologic malignancies, but there are many problems in the treatment of solid tumors for CAR-
T. Generally speaking, tumor immunotherapy is progressing faster and has many advantages. 
But if we want to apply for large-scale clinical application, we need to do a lot of research work.
Several articles had reported the safety and efficacy of CIK-cell therapy. Current studies 
on the immunomodulatory effects of CIK-cell therapy have focused on T lymphocytes and 
Treg in peripheral blood. It is much more challenging to study the relationship between 
CIK cells and immune system. Immune system is dynastic and complex, and a lot of other 
aspects are in the volume of the complex. The role of CIK cells on immune responses was 
associated with host factors. Not only cellular immunity we mentioned above but also 
humoral immunity get involved in tumor immunity. Tumor is characterized by distinct 
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individual differences, the same disease, different stages, and different pathological types, 
resulting in different outcomes. Immune system had important roles in these processes. 
Thus, we evaluate the immune function of the patient and analyze the status of each patient 
itself, which are significantly related to the final outcome. The ultimate goal of precision 
immunology for cancer is to select the patients who are most likely to benefit from a par-
ticular immunotherapy.
With the development of new technologies to dynamically detect the cancer-immune system 
interaction and at the same time taking into account the particularity of different groups of 
people, precision cancer immunology and the evaluation of immune function will be applied 




Li Zhang* and Yanyan Pan
*Address all correspondence to: tyouri19652004@hotmail.com
Department of Central Laboratory, Dalian Municipal Central Hospital, Dalian, Liaoning, 
China
References
[1] Ahn SH, Han MS, Yoon JH, Jeon SY, Kim CH, Yoo HJ, Lee JC. Treatment of stage I non-
small cell lung cancer with CyberKnife, image-guided robotic stereotactic radiosurgery. 
Oncology Reports. 2009 Mar;21(3):693-696
[2] Zheng YW, Li RM, Zhang XW, Ren XB. Current adoptive immunotherapy in non-small 
cell lung cancer and potential influence of therapy outcome. Cancer Investigation. 2013 
Mar;31(3):197-205. DOI: 10.3109/07357907.2013.775294
[3] Hirsh V. Review of the treatment of metastatic non small cell lung carcinoma: A practical 
approach. World J Clin Oncol. 2011 Jun;2(6):262-271. DOI: 10.5306/wjco.v2.i6.262
[4] Kobayashi K, Hagiwara K. Epidermal growth factor receptor (EGFR) mutation and per-
sonalized therapy in advanced nonsmall cell lung cancer (NSCLC). Targeted Oncology. 
2013 Mar;8(1):27-33. DOI: 10.1007/s11523-013-0258-9. Epub 2013 Jan 30
[5] Barrett J, Bollard CM. T-cell therapy for cancer. Immunotherapy. 2012 Apr;4(4):347-350. 
DOI: 10.2217/imt.12.12
Lung Cancer - Strategies for Diagnosis and Treatment144
[6] Vera JF, Brenner LJ, Gerdemann U, Ngo MC, Sili U, Liu H, Wilson J, Dotti G, Heslop HE, 
Leen AM, Rooney CM. Accelerated production of antigen-specific T-cells for preclini-
cal and clinical applications using gas-permeable rapid expansion cultureware (G-Rex). 
Journal of Immunotherapy. 2010 Apr;33(3):305-315. DOI: 10.1097/CJI.0b013e3181c0c3cb
[7] Ruella M, Kalos M. Adoptive immunotherapy for cancer. Immunological Reviews. 2014 
Jan;257(1):14-38. DOI: 10.1111/imr.12136
[8] Sangiolo D, Martinuzzi E, Todorovic M, Vitaggio K, Vallario A, Jordaney N, Carnevale- 
Schianca F, Capaldi A, Geuna M, Casorzo L, Nash RA, Aglietta M, Cignetti A. Alloreactivity 
and anti-tumor activity segregate within two distinct subsets of cytokine-induced killer 
(CIK) cells: Implications for their infusion across major HLA barriers. International 
Immunology. 2008 Jul;20(7):841-848. DOI: 10.1093/intimm/dxn042. Epub 2008 May 9
[9] Zhang YS, Yuan FJ, Jia GF, Zhang JF, Hu LY, Huang L, Wang J, Dai ZQ. CIK cells from 
patients with HCC possess strong cytotoxicity to multidrug-resistant cell line Bel-
7402/R. World Journal of Gastroenterology. 2005 Jun;11(22):3339-3345
[10] Rombo R, Weiher H, Schmidt-Wolf IG. Effect of chaetocin on renal cell carcinoma cells 
and cytokine-induced killer cells. German Medical Science. 2016 Apr;14:Doc04. DOI: 
10.3205/000231. eCollection 2016
[11] Tita-Nwa F, Moldenhauer G, Herbst M, Kleist C, Ho AD, Kornacker M. Cytokine-induced 
killer cells targeted by the novel bispecific antibody CD19xCD5 (HD37xT5.16) efficiently 
lyse B-lymphoma cells. Cancer Immunology, Immunotherapy. 2007 Dec;56(12):1911-
1920. Epub 2007 May 9
[12] Fan XY, Wang PY, Zhang C, Zhang YL, Fu Y, Zhang C, Li QX, Zhou JN, Shan BE, He 
DW. All-trans retinoic acid enhances cytotoxicity of CIK cells against human lung 
adenocarcinoma by upregulating MICA and IL-2 secretion. Scientific Reports. 2017 
Nov;7(1):16481. DOI: 10.1038/s41598-017-16745-z
[13] Yang L, Du C, Wu L, Yu J, An X, Yu W, Cao S, Li H, Ren X. Cytokine-induced killer 
cells modulates resistance to cisplatin in the A549/DDP cell line. Journal of Cancer. 2017 
Sep;8(16):3287-3295. DOI: 10.7150/jca.19426. eCollection 2017
[14] Li D, Guo S, Li H, Zhu G, Gao L, Xin X, Yan D, Li X, Geng S, Hou H, Yang Y. Effect of 
inhibition proliferation in human lung adenocarcinoma A549 cells by cytokine-induced 
killer cells. Thoracic Cancer. 2015 Jul;6(4):458-463. DOI: 10.1111/1759-7714.12205. Epub 
2014 Dec 29
[15] Schmidt-Wolf IG, Negrin RS, Kiem HP, Blume KG, Weissman IL. Use of a SCID mouse/
human lymphoma model to evaluate cytokine-induced killer cells with potent antitu-
mor cell activity. The Journal of Experimental Medicine. 1991 Jul;174(1):139-149
[16] Thanendrarajan S, Nowak M, Abken H, Schmidt-Wolf IG. Combining cytokine-induced 
killer cells with vaccination in cancer immunotherapy: More than one plus one? 
Leukemia Research. 2011 Sep;35(9):1136-1142. DOI: 10.1016/j.leukres.2011.05.005. Epub 
2011 Jun 8
The Immune Regulatory Role of Cytokine-Induced Killer Cells Treatment on Non-Small Cell Lung Cancer Patients
http://dx.doi.org/10.5772/intechopen.78274
145
[17] Wang Y, Lv B, Li K, Zhang A, Liu H. Adjuvant immunotherapy of dendritic cells and 
cytokine-induced killer cells is safe and enhances chemotherapy efficacy for multiple 
myeloma in China: A meta-analysis of clinical trials. Drug Design, Development and 
Therapy. 2017 Nov;11:3245-3256. DOI: 10.2147/DDDT.S146959. eCollection 2017
[18] Hu J, Hu J, Liu X, Hu C, Li M, Han W. Effect and safety of cytokine-induced killer 
(CIK) cell immunotherapy in patients with breast cancer: A meta-analysis. Medicine 
(Baltimore). 2017 Oct;96(42):e8310. DOI: 10.1097/MD.0000000000008310
[19] Zhang J, Li H, Gao D, Zhang B, Zheng M, Lun M, Wei M, Duan R, Guo M, Hua J, Liu Q, 
Bai J, Liu H, Zheng J, Yao H. A prognosis and impact factor analysis of DC-CIK cell ther-
apy for patients with hepatocellular carcinoma undergoing postoperative TACE. Cancer 
Biology & Therapy. 2018 Jun 3;19(6):475-483. DOI: 10.1080/15384047.2018.1433501
[20] Zhang Y, Zhu Y, Zhao E, He X, Zhao L, Wang Z, Fu X, Qi Y, Ma B, Song Y, Gao Q. 
Autologous cytokine-induced killer cell immunotherapy may improve overall survival 
in advanced malignant melanoma patients. Immunotherapy. 2017 Nov;9(14):1165-1174. 
DOI: 10.2217/imt-2017-0061
[21] Schmidt-Wolf IG, Finke S, Trojaneck B, Denkena A, Lefterova P, Schwella N, Heuft HG, 
Prange G, Korte M, Takeya M, Dorbic T, Neubauer A, Wittig B, Huhn D. Phase I clinical 
study applying autologous immunological effector cells transfected with the interleu-
kin-2 gene in patients with metastatic renal cancer, colorectal cancer and lymphoma. 
British Journal of Cancer. 1999 Nov;81(6):1009-1016
[22] Sangiolo D. Cytokine induced killer cells as promising immunotherapy for solid tumors. 
Journal of Cancer. 2011;2:363-368. Epub 2011 Jun 15
[23] Zhu Y, Zhang H, Li Y, Bai J, Liu L, Liu Y, Qu Y, Qu X. Efficacy of postoperative adjuvant 
transfusion of cytokine-induced killer cells combined with chemotherapy in patients 
with colorectal cancer. Cancer Immunology, Immunotherapy. 2013 Oct;62(10):1629-
1635. DOI: 10.1007/s00262-013-1465-z. Epub 2013 Aug 23
[24] Huang ZM, Li W, Li S, Gao F, Zhou QM, Wu FM, He N, Pan CC, Xia JC, Wu PH, Zhao 
M. Cytokine-induced killer cells in combination with transcatheter arterial chemoembo-
lization and radiofrequency ablation for hepatocellular carcinoma patients. Journal of 
Immunotherapy. 2013 Jun;36(5):287-293. DOI: 10.1097/CJI.0b013e3182948452
[25] Zhu J, Li R, Tiselius E, Roudi R, Teghararian O, Suo C, Song H. Immunotherapy (exclud-
ing checkpoint inhibitors) for stage I to III non-small cell lung cancer treated with sur-
gery or radiotherapy with curative intent. Cochrane Database of Systematic Reviews. 
2017 Dec;12:CD011300. DOI: 10.1002/14651858.CD011300.pub2
[26] Sun K, Wang L, Zhang Y. Dendritic cell as therapeutic vaccines against tumors and its 
role in therapy for hepatocellular carcinoma. Cellular & Molecular Immunology. 2006 
Jun;3(3):197-203
[27] Méndez R, Ruiz-Cabello F, Rodríguez T, Del Campo A, Paschen A, Schadendorf D, Garrido 
F. Identification of different tumor escape mechanisms in several metastases from a 
Lung Cancer - Strategies for Diagnosis and Treatment
melanoma patient undergoing immunotherapy. Cancer Immunology, Immunotherapy. 
2007 Jan;56(1):88-94. Epub 2006 Apr 19
[28] Wongkajornsilp A, Somchitprasert T, Butraporn R, Wamanuttajinda V, Kasetsinsombat 
K, Huabprasert S, Maneechotesuwan K, Hongeng S. Human cytokine-induced killer 
cells specifically infiltrated and retarded the growth of the inoculated human cholan-
giocarcinoma cells in SCID mice. Cancer Investigation. 2009 Feb;27(2):140-148. DOI: 
10.1080/07357900802189832
[29] Chen KJ, Zhou L, Xie HY, Ahmed TE, Feng XW, Zheng SS. Intratumoral regulatory T 
cells alone or in combination with cytotoxic T cells predict prognosis of hepatocellular 
carcinoma after resection. Medical Oncology. 2012 Sep;29(3):1817-1826. DOI: 10.1007/
s12032-011-0006-x. Epub 2011 Jun 16
[30] Lee WC, Wu TJ, Chou HS, Yu MC, Hsu PY, Hsu HY, Wang CC. The impact of CD4+ 
CD25+ T cells in the tumor microenvironment of hepatocellular carcinoma. Surgery. 
2012 Feb;151(2):213-222. DOI: 10.1016/j.surg.2011.07.029. Epub 2011 Oct 5
[31] Hubo M, Trinschek B, Kryczanowsky F, Tuettenberg A, Steinbrink K, Jonuleit H. 
Costimulatory molecules on immunogenic versus tolerogenic human dendritic cells. 
Frontiers in Immunology. 2013 Apr;4(82). DOI: 10.3389/fimmu.2013.00082. eCollection 
2013
[32] Woo EY, Chu CS, Goletz TJ, Schlienger K, Yeh H, Coukos G, Rubin SC, Kaiser LR, 
June CH. Regulatory CD4(+)CD25(+) T cells in tumors from patients with early-stage 
non-small cell lung cancer and late-stage ovarian cancer. Cancer Research. 2001 Jun; 
61(12):4766-4772
[33] Li JY, Duan XF, Wang LP, Xu YJ, Huang L, Zhang TF, Liu JY, Li F, Zhang Z, Yue DL, 
Wang F, Zhang B, Zhang Y. Selective depletion of regulatory T cell subsets by docetaxel 
treatment in patients with nonsmall cell lung cancer. Journal of Immunology Research. 
2014;2014:286170. DOI: 10.1155/2014/286170. Epub 2014 Apr 28
[34] Li S, Li Y, Qu X, Liu X, Liang J. Detection and significance of TregFoxP3(+) and Th17 cells 
in peripheral blood of non-small cell lung cancer patients. Archives of Medical Science. 
2014 May;10(2):232-239. DOI: 10.5114/aoms.2014.42573. Epub 2014 May 13
[35] Kataki A, Scheid P, Piet M, Marie B, Martinet N, Martinet Y, Vignaud JM. Tumor infil-
trating lymphocytes and macrophages have a potential dual role in lung cancer by 
supporting both host-defense and tumor progression. The Journal of Laboratory and 
Clinical Medicine. 2002 Nov;140(5):320-328
[36] Tian C, Lu S, Fan Q, Zhang W, Jiao S, Zhao X, Wu Z, Sun L, Wang L. Prognostic sig-
nificance of tumor-infiltrating CD8+ or CD3+ T lymphocytes and interleukin-2 expres-
sion in radically resected non-small cell lung cancer. Chinese Medical Journal. 2015 
Jan;128(1):105-110. DOI: 10.4103/0366-6999.147828
[37] Al-Shibli KI, Donnem T, Al-Saad S, Persson M, Bremnes RM, Busund LT. Prognostic effect 
of epithelial and stromal lymphocyte infiltration in non-small cell lung cancer. Clinical 
Cancer Research. 2008 Aug;14(16):5220-5227. DOI: 10.1158/1078-0432.CCR-08-0133
The Immune Regulatory Role of Cytokine-Induced Killer Cells Treatment on Non-Small Cell Lung Cancer Patients
http://dx.doi.org/10.5772/intechopen.78274
147
[38] Onion D, Isherwood M, Shridhar N, Xenophontos M, Craze ML, Day LJ, García-Márquez 
MA, Pineda RG, Reece-Smith AM, Saunders JH, Duffy JP, Argent RH, Grabowska 
AM. Multicomponent analysis of the tumour microenvironment reveals low CD8 T cell 
number, low stromal caveolin-1 and high tenascin-C and their combination as signifi-
cant prognostic markers in non-small cell lung cancer. Oncotarget. 2017 Jun;9(2):1760-
1771. DOI: 10.18632/oncotarget.18880. eCollection 2018 Jan 5
[39] Petersen RP, Campa MJ, Sperlazza J, Conlon D, Joshi MB, Harpole DH Jr, Patz EF Jr. 
Tumor infiltrating Foxp3+ regulatory T-cells are associated with recurrence in patho-
logic stage I NSCLC patients. Cancer. 2006 Dec;107(12):2866-2872
[40] Wang XP, Xu M, Gao HF, Zhao JF, Xu KC. Intraperitoneal perfusion of cytokine-induced 
killer cells with local hyperthermia for advanced hepatocellular carcinoma. World 
Journal of Gastroenterology. 2013 May;19(19):2956-2962. DOI: 10.3748/wjg.v19.i19.2956
[41] Jiang J, Wu C, Lu B. Cytokine-induced killer cells promote antitumor immunity. Journal 
of Translational Medicine. 2013 Mar;11:83. DOI: 10.1186/1479-5876-11-83
[42] Perdicchio M, Cornelissen LA, Streng-Ouwehand I, Engels S, Verstege MI, Boon L, 
Geerts D, van Kooyk Y, Unger WW. Tumor sialylation impedes T cell mediated anti-
tumor responses while promoting tumor associated-regulatory T cells. Oncotarget. 2016 
Feb;7(8):8771-8782. DOI: 10.18632/oncotarget.6822
[43] Attallah AM, Tabll AA, El-Sadany M, Ibrahim TA, El-Dosoky I. Dysregulation of blood 
lymphocyte subsets and natural killer cells in schistosomal liver cirrhosis and hepatocel-
lular carcinoma. Clinical and Experimental Medicine. 2003 Nov;3(3):181-185
[44] Motz GT, Coukos G. Deciphering and reversing tumor immune suppression. Immunity. 
2013 Jul;39(1):61-73. DOI: 10.1016/j.immuni.2013.07.005
[45] Kiessling R, Wasserman K, Horiguchi S, Kono K, Sjöberg J, Pisa P, Petersson M. Tumor- 
induced immune dysfunction. Cancer Immunology, Immunotherapy. 1999 Oct;48(7): 
353-362
[46] Rayman P, Uzzo RG, Kolenko V, Bloom T, Cathcart MK, Molto L, Novick AC, Bukowski 
RM, Hamilton T, Finke JH. Tumor-induced dysfunction in interleukin-2 production and 
interleukin-2 receptor signaling: A mechanism of immune escape. The Cancer Journal 
from Scientific American. 2000 Feb;6(Suppl 1):S81-S87
[47] Shepherd FA, Douillard JY, Blumenschein GR Jr. Immunotherapy for non-small cell lung 
cancer: Novel approaches to improve patient outcome. Journal of Thoracic Oncology. 
2011;6:1763-1773. DOI: 10.1097/JTO.0b013e31822e28fc
[48] Subleski JJ, Wiltrout RH, Weiss JM. Application of tissue-specific NK and NKT cell activ-
ity for tumor immunotherapy. Journal of Autoimmunity. 2009 Nov-Dec;33(3-4):275-281. 
DOI: 10.1016/j.jaut.2009.07.010. Epub 2009 Aug 13
[49] Kuss I, Hathaway B, Ferris RL, Gooding W, Whiteside TL. Decreased absolute counts 
of T lymphocyte subsets and their relation to disease in squamous cell carcinoma of the 
head and neck. Clinical Cancer Research. 2004;10:3755-3762
Lung Cancer - Strategies for Diagnosis and Treatment148
[50] Pan Y, Wu Y, Ji J, Cai H, Wang H, Jiang Y, Sang L, Yang J, Gao Y, Liu Y, Yin L, Zhang 
LI. Effect of cytokine-induced killer cells on immune function in patients with lung can-
cer. Oncology Letters. 2016 Apr;11(4):2827-2834. Epub 2016 Feb 29
[51] Yu B, Wang J, He C, Wang W, Tang J, Zheng R, Zhou C, Zhang H, Fu Z, Li Q, Xu 
J. Cytokine-induced killer cell therapy for modulating regulatory T cells in patients with 
non-small cell lung cancer. Experimental and Therapeutic Medicine. 2017 Jul;14(1):831-
840. DOI: 10.3892/etm.2017.4562. Epub 2017 Jun 8
[52] Zhou C, Liu D, Li J, Sun H, Zheng X, Wang S, Hong G, Mallampati S, Sun H, Zhou X, 
Cheng Z, Zhang H, Ma H. Chemotherapy plus dendritic cells co-cultured with cyto-
kine-induced killer cells versus chemotherapy alone to treat advanced non-small-cell 
lung cancer: A meta-analysis. Oncotarget. 2016 Dec;7(52):86500-86510. DOI: 10.18632/
oncotarget.13394
[53] Gu Y, Lv H, Zhao J, Li Q, Mu G, Li J, Wuyang J, Lou G, Wang R, Zhang Y, Huang 
X. Influence of the number and interval of treatment cycles on cytokine-induced killer 
cells and their adjuvant therapeutic effects in advanced non-small-cell lung ancer 
(NSCLC). International Immunopharmacology. 2017 Sep;50:263-269. DOI: 10.1016/j.
intimp.2017.07.006. Epub 2017 Jul 12
[54] Shi L, Zhou Q, Wu J, Ji M, Li G, Jiang J, Wu C. Efficacy of adjuvant immunotherapy with 
cytokine-induced killer cells in patients with locally advanced gastric cancer. Cancer 
Immunology, Immunotherapy. 2012;61:2251-2259
[55] Jin CG, Chen XQ, Li J, Wu ZP, Liu X, Wang XC. Moderating effects and maintenance 
of lung cancer cellular immune functions by CIK cell therapy. Asian Pacific Journal of 
Cancer Prevention. 2013;14:3587-3592
[56] Kuçi S, Rettinger E, Voss B, Weber G, Stais M, Kreyenberg H, Willasch A, Kuçi Z, 
Koscielniak E, Klöss S, von Laer D, Klingebiel T, Bader P. Efficient lysis of rhabdomyo-
sarcoma cells by cytokine-induced killer cells: Implications for adoptive immunother-
apy after allogeneic stem cell transplantation. Haematologica. 2010 Sep;95(9):1579-1586. 
DOI: 10.3324/haematol.2009.019885. Epub 2010 Apr 7
[57] Zhang L, Xu Y, Shen J, He F, Zhang D, Chen Z, Duan Y, Sun J. Feasibility study of DCs/
CIKs combined with thoracic radiotherapy for patients with locally advanced or meta-
static non-small-cell lung cancer. Radiation Oncology. 2016 Apr;11:60. DOI: 10.1186/
s13014-016-0635-5
[58] Wang S, Zhang H, Liu C, Jiao X, Liu D, DU W, He Y, Zhang Z, Wu X, Wang J, Liang 
C, Zhang L, Liu S. Human leukocyte antigen-haploidentical donor-derived cytokine-
induced killer cells are safe and prolong the survival of patients with advanced non-
small cell lung cancer. Oncology Letters. 2014 Dec;8(6):2727-2733. Epub 2014 Sep 24
[59] Wang QJ, Wang H, Pan K, Li YQ, Huang LX, Chen SP, He J, Ke ML, Zhao JJ, Li JJ, Sun JC, 
Liang XT, Ma HQ, Chen YB, Xia JC. Comparative study on anti-tumor immune response 
of autologous cytokine-induced killer (CIK) cells, dendritic cells-CIK (DC-CIK), and 
semi-allogeneic DC-CIK. Chinese Journal of Cancer. 2010 Jul;29(7):641-648
The Immune Regulatory Role of Cytokine-Induced Killer Cells Treatment on Non-Small Cell Lung Cancer Patients
http://dx.doi.org/10.5772/intechopen.78274
149
[60] Zhang L, Wang J, Wei F, Wang K, Sun Q, Yang F, Jin H, Zheng Y, Zhao H, Wang L, Yu W, 
Zhang X, An Y, Yang L, Zhang X, Ren X. Profiling the dynamic expression of checkpoint 
molecules on cytokine-induced killer cells from non-small-cell lung cancer patients. 
Oncotarget. 2016 Jul;7(28):43604-43615. DOI: 10.18632/oncotarget.9871
[61] Yu J, Du W, Yan F, Wang Y, Li H, Cao S, Yu W, Shen C, Liu J, Ren X. Myeloid-derived sup-
pressor cells suppress antitumor immune responses through IDO expression and corre-
late with lymph node metastasis in patients with breast cancer. Journal of Immunology. 
2013 Apr;190(7):3783-3797. DOI: 10.4049/jimmunol.1201449. Epub 2013 Feb 25
[62] Yu J, Wang Y, Yan F, Zhang P, Li H, Zhao H, Yan C, Yan F, Ren X. Noncanonical NF-κB 
activation mediates STAT3-stimulated IDO upregulation in myeloid-derived suppressor 
cells in breast cancer. Journal of Immunology. 2014 Sep;193(5):2574-2586. DOI: 10.4049/
jimmunol.1400833. Epub 2014 Jul 25
[63] Nadkarni S, Mauri C, Ehrenstein MR. Anti-TNF-alpha therapy induces a distinct regula-
tory T cell population in patients with rheumatoid arthritis via TGF-beta. The Journal of 
Experimental Medicine. 2007 Jan;204(1):33-39. Epub 2007 Jan 2
[64] Antony PA, Piccirillo CA, Akpinarli A, Finkelstein SE, Speiss PJ, Surman DR, Palmer DC, 
Chan CC, Klebanoff CA, Overwijk WW, Rosenberg SA, Restifo NP. CD8+ T cell immunity 
against a tumor/self-antigen is augmented by CD4+ T helper cells and hindered by natu-
rally occurring T regulatory cells. Journal of Immunology. 2005 Mar;174(5):2591-2601
[65] Jemal A, Siegel R, Xu J, Ward E. Cancer statistics, 2010. CA: A Cancer Journal for Clini-
cians. 2010 Sep-Oct;60(5):277-300. DOI: 10.3322/caac.20073. Epub 2010 Jul 7
[66] Ohki S, Shibata M, Gonda K, Machida T, Shimura T, Nakamura I, Ohtake T, Koyama 
Y, Suzuki S, Ohto H, Takenoshita S. Circulating myeloid-derived suppressor cells 
are increased and correlate to immune suppression, inflammation and hypoprotein-
emia in patients with cancer. Oncology Reports. 2012 Aug;28(2):453-458. doi: 10.3892/
or.2012.1812. Epub 2012 May 14
[67] Duan MC, Han W, Jin PW, Wei YP, Wei Q, Zhang LM, Li JC. Disturbed Th17/Treg bal-
ance in patients with non-small cell lung cancer. Inflammation. 2015 Dec;38(6):2156-
2165. DOI: 10.1007/s10753-015-0198-x
[68] Barua S, Fang P, Sharma A, Fujimoto J, Wistuba I, Rao AUK, Lin SH. Spatial interaction 
of tumor cells and regulatory T cells correlates with survival in non-small cell lung can-
cer. Lung Cancer. 2018 Mar;117:73-79. DOI: 10.1016/j.lungcan.2018.01.022
[69] Song H, Liu S, Zhao Z, Sun W, Wei X, Ma X, Zhao P, Gao D. Increased cycles of DC/
CIK immunotherapy decreases frequency of Tregs in patients with resected NSCLC. 
International Immunopharmacology. 2017 Nov;52:197-202. DOI: 10.1016/j.intimp.2017. 
09.014. Epub 2017 Sep 21
[70] Gabrilovich DI, Nagaraj S. Myeloid-derived suppressor cells as regulators of the immune 
system. Nature Reviews. Immunology. 2009 Mar;9(3):162-174. DOI: 10.1038/nri2506
Lung Cancer - Strategies for Diagnosis and Treatment150
[71] Hanazawa A, Ito R, Katano I, Kawai K, Goto M, Suemizu H, Kawakami Y, Ito M, 
Takahashi T. Generation of human immunosuppressive myeloid cell populations in 
human Interleukin-6 transgenic NOG mice. Frontiers in Immunology. 2018 Feb;9:152. 
DOI: 10.3389/fimmu.2018.00152. eCollection 2018
[72] Draghiciu O, Lubbers J, Nijman HW, Daemen T. Myeloid derived suppressor cells-An 
overview of combat strategies to increase immunotherapy efficacy. Oncoimmunology. 
2015 Feb;4(1):e954829. eCollection 2015 Jan
[73] Wang S, Fu Y, Ma K, Liu C, Jiao X, Du W, Zhang H, Wu X. The significant increase 
and dynamic changes of the myeloid-derived suppressor cells percentage with che-
motherapy in advanced NSCLC patients. Clinical and Translational Oncology. 2014 
Jul;16(7):616-622. DOI: 10.1007/s12094-013-1125-y. Epub 2013 Nov 6
[74] Zhang G, Huang H, Zhu Y, Yu G, Gao X, Xu Y, Liu C, Hou J, Zhang X. A novel subset 
of B7-H3+CD14+HLA-DR−/low myeloid-derived suppressor cells are associated with 
progression of human NSCLC. Oncoimmunology. 2015 Mar;4(2):e977164. eCollection 
2015 Feb
[75] Jiang J, Guo W, Liang X. Phenotypes, accumulation, and functions of myeloid-derived 
suppressor cells and associated treatment strategies in cancer patients. Human 
Immunology. 2014 Nov;75(11):1128-1137. DOI: 10.1016/j.humimm.2014.09.025. Epub 
2014 Oct 7
[76] Tian T, Gu X, Zhang B, Liu Y, Yuan C, Shao L, Guo Y, Fan K. Increased circulating 
CD14(+)HLA-DR−/low myeloid-derived suppressor cells are associated with poor prog-
nosis in patients with small-cell lung cancer. Cancer Biomarkers. 2015;15(4):425-432. 
DOI: 10.3233/CBM-150473
[77] Hansen GL, Gaudernack G, Brunsvig PF, Cvancarova M, Kyte JA. Immunological fac-
tors influencing clinical outcome in lung cancer patients after telomerase peptide vacci-
nation. Cancer Immunology, Immunotherapy. 2015 Dec;64(12):1609-1621. DOI: 10.1007/
s00262-015-1766-5. Epub 2015 Oct 26
[78] Iclozan C, Antonia S, Chiappori A, Chen DT, Gabrilovich D. Therapeutic regulation of 
myeloid-derived suppressor cells and immune response to cancer vaccine in patients 
with extensive stage small cell lung cancer. Cancer Immunology, Immunotherapy. 2013 
May;62(5):909-918. DOI: 10.1007/s00262-013-1396-8. Epub 2013 Apr 16
[79] Bremnes RM, Busund LT, Kilvær TL, Andersen S, Richardsen E, Paulsen EE, Hald S, 
Khanehkenari MR, Cooper WA, Kao SC, Dønnem T. The role of tumor-infiltrating lym-
phocytes in development, progression, and prognosis of non-small cell lung cancer. 
Journal of Thoracic Oncology. 2016 Jun;11(6):789-800. DOI: 10.1016/j.jtho.2016.01.015 
Epub 2016 Feb 1
[80] Fridman WH, Pagès F, Sautès-Fridman C, Galon J. The immune contexture in human 
tumours: Impact on clinical outcome. Nature Reviews. Cancer. 2012 Mar;12(4):298-306. 
DOI: 10.1038/nrc3245
The Immune Regulatory Role of Cytokine-Induced Killer Cells Treatment on Non-Small Cell Lung Cancer Patients
http://dx.doi.org/10.5772/intechopen.78274
151
[81] Geng Y, Shao Y, He W, Hu W, Xu Y, Chen J, Wu C, Jiang J. Prognostic role of tumor-
infiltrating lymphocytes in lung cancer: A meta-analysis. Cellular Physiology and 
Biochemistry. 2015;37(4):1560-1571. DOI: 10.1159/000438523. Epub 2015 Oct 30
[82] Sznurkowski JJ, Zawrocki A, Emerich J, Biernat W. Prognostic significance of CD4+ 
and CD8+ T cell infiltration within cancer cell nests in vulvar squamous cell carcinoma. 
International Journal of Gynecological Cancer. 2011 May;21(4):717-721. DOI: 10.1097/
IGC.0b013e3182131f36
[83] Hiraoka K, Miyamoto M, Cho Y, Suzuoki M, Oshikiri T, Nakakubo Y, Itoh T, Ohbuchi T, 
Kondo S, Katoh H. Concurrent infiltration by CD8+ T cells and CD4+ T cells is a favour-
able prognostic factor in non-small-cell lung carcinoma. British Journal of Cancer. 2006 
Jan;94(2):275-280
[84] Pogoda K, Pyszniak M, Rybojad P, Tabarkiewicz J. Monocytic myeloid-derived sup-
pressor cells as a potent suppressor of tumor immunity in non-small cell lung cancer. 
Oncology Letters. 2016 Dec;12(6):4785-4794. DOI: 10.3892/ol.2016.5273. Epub 2016 Oct 18
[85] Shi S, Wang R, Chen Y, Song H, Chen L, Huang G. Combining antiangiogenic therapy with 
adoptive cell immunotherapy exerts better antitumor effects in non-small cell lung cancer 
models. PLoS One. 2013 Jun;8(6):e65757. DOI: 10.1371/journal.pone.0065757. Print 2013
[86] Nguyen LT, Ohashi PS. Clinical blockade of PD1 and LAG3--potential mechanisms of 
action. Nature Reviews. Immunology. 2015 Jan;15(1):45-56. DOI: 10.1038/nri3790
[87] Pardoll DM. The blockade of immune checkpoints in cancer immunotherapy. Nature 
Reviews. Cancer. 2012 Mar;12(4):252-264. DOI: 10.1038/nrc3239
[88] Waki K, Yamada T, Yoshiyama K, Terazaki Y, Sakamoto S, Matsueda S, Komatsu N, 
Sugawara S, Takamori S, Itoh K, Yamada A. PD-1 expression on peripheral blood T-cell 
subsets correlates with prognosis in non-small cell lung cancer. Cancer Science. 2014 
Oct;105(10):1229-1235. DOI: 10.1111/cas.12502. Epub 2014 Sep 23
[89] Topalian SL, Drake CG, Pardoll DM. Targeting the PD-1/B7-H1(PD-L1) pathway to acti-
vate anti-tumor immunity. Current Opinion in Immunology. 2012 Apr;24(2):207-212. 
DOI: 10.1016/j.coi.2011.12.009. Epub 2012 Jan 9
[90] Hirahara K, Poholek A, Vahedi G, Laurence A, Kanno Y, Milner JD, O’Shea JJ. Mechanisms 
underlying helper T-cell plasticity: Implication for immune-mediated disease. The 
Journal of Allergy and Clinical Immunology. 2013 May;131(5):1276-1287
[91] Cui G, Florholmen J. Polarization of cytokine profile from Th1 into Th2 along colorectal 
adenoma-carcinoma sequence: Implications for the biotherapeutic target? Inflammation 
& Allergy—Drug Targets. 2008 Jun;7(2):94-97
[92] Li H, Wang C, Yu J, Cao S, Wei F, Zhang W, Han Y, Ren XB. Dendritic cell-activated 
cytokine-induced killer cells enhance the anti-tumor effect of chemotherapy on non-
small cell lung cancer in patients after surgery. Cytotherapy. 2009;11(8):1076-1083
[93] Uno T, Takeda K, Kojima Y, Yoshizawa H, Akiba H, Mittler RS, Gejyo F, Okumura K, 
Yagita H, Smyth MJ. Eradication of established tumors in mice by a combination anti-
body-based therapy.Nature Medicine. 2006 Jun;12(6):693-698. Epub 2006 May 7
Lung Cancer - Strategies for Diagnosis and Treatment152
